ZrO 2 and Al-Zr composite oxide film was prepared by vacuum assisted sol-gel dip coating method and anodizing. ZrO 2 films annealed above 400 o C have tetragonal structure. ZrO 2 layers inside etch pits were successfully coated from the ZrO 2 sol. The double layer structures of samples were obtained after being anodized at 100 V to 600 V. From the TEM images, it was found that the outer layer was Al 2 O 3 , the inner layer was multi-layer of ZrO 2 , Al-Zr composite oxide and Al hydrate. The capacitance of ZrO 2 coated foil exhibited about 28.3%
I. Introduction
Aluminum electrolytic capacitors are widely used in electric and electronic systems. With the rapid development of the electric industry and the increasing demand for small capacitors with high capacitance, extensive studies have been performed to increase the capacitance [1, 2] . The capacitance, C, of capacitors is expressed by C= ε 0ε A d
Where ε 0 is the vacuum permittivity, ε the relative dielectric constant of the dielectric layers, A the effective surface area, and d is the thickness of dielectric layers. This equation indicates that the capacitance can be increased by increasing the relative dielectric constant and effective surface area. Anodized aluminum oxide, Al 2 O 3 , has been used as a dielectric material in aluminum electrolytic capacitors and its dielectric constant is approximately 8∼9. Therefore, the application of high dielectric constant (high-k) materials on Al foil is a possible way to improve capacitance. However, pure high-k materials coated on Al foils by sol-gel method could not sustain voltage for the strong local electric field [3] . Until now, almost all researches have been performed on the fabrication of composite oxide films by coating high-k materials on plane Al foil and low voltage anodizing. It has been found that the specific capacitance can be improved by the composite oxide films, such as Al2O3-(ZrO2, Nb2O5, SiO2, (Ba0.5Sr0.5)
TiO3, Bi4TiO12, and TiO2), to a certain degree [4] [5] [6] [7] [8] .
ZrO2 is one of the promising high-ĸ materials, and it has high dielectric constant (22∼25) and wide band gap (5.1∼7.8 eV) [9, 10] . It is expected that incorporation of ZrO2 and anodic oxide film may form the Al-Zr composite oxide film with high dielectric constant and improve the capacitance. Various methods such as sol-gel dip coating [8] , pore filling method [11] and electrophoretic coating [12] have been adopted to coat high-k materials on the aluminum foil. Sol-gel dip coating method has the advantages of low cost, the ability to coat the substrate with complicated surface. In order to apply the coated Al foils to high voltage capacitor, it is necessary to coat uniformly high-k materials inside 
Characterization of samples
The crystal structure of the ZrO2 films was analyzed by the X-ray diffraction (XRD, X'pert Pro, PANalytical, USA) method using Cu kα radiation. 
III. Results and Discussion

